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METHOD FOR FORMING A DIELECTRIC 
LAYER AND RELATED DEVICES 

RELATED APPLICATIONS 

The present divisional application is related to, incorpo 
rates by reference and hereby claims the priority bene?t of the 
following US. patent application, assigned to the assignee of 
the present application: US. patent application Ser. No. 
10/435,239, ?led May 8, 2003 now US. Pat. No. 7,101,811. 

TECHNICAL FIELD 

Embodiments of the invention generally relate to the ?eld 
of semiconductor devices and, more particularly, to a method 
for forming a dielectric layer and related devices. 

BACKGROUND 

Semiconductor devices typically include a semiconductor 
substrate and one or more thin-?lms deposited onto the semi 
conductor substrate. The thin-?lms form layers that provide 
the basis for the electrical and optical characteristics of the 
semiconductor device. The process of forming these layers on 
the surfaces of a substrate is called thin-?lm deposition or 
simply deposition. 
The term “dielectric layer” broadly refers to thin-?lms that 

are deposited to provide electrical insulation. An exemplary 
dielectric layer is a transistor gate dielectric ?lm. A transistor 
gate dielectric ?lm may be used, for example, to electrically 
insulate a gate electrode from an underlying substrate in a 
?eld effect transistor (FET). Nitrogen is typically incorpo 
rated into a dielectric layer to enhance the performance of the 
layer. 

Nitridation refers to the process during Which nitrogen is 
incorporated into a dielectric layer. Nitrogen incorporation, if 
properly performed, suppresses dopant diffusion, mitigates 
positive ?atband voltage shifts, reduces leakage current, and 
improves reliability. Incorporated nitrogen, hoWever, may not 
only fail to provide these bene?ts but also can signi?cantly 
degrade carrier mobility, if the nitrogen is present in excess or 
placed at unsuitable locations in the dielectric layer. 

In conventional dielectric layer formation, nitridation is 
applied either before or after the dielectric layer is deposited. 
The former process is called pre-deposition nitridation and 
the latter process is called po st-deposition nitridation. In po st 
deposition nitridation, the dielectric layer is deposited to its 
?nal thickness and then nitrided, for example, by exposing the 
?lm to ammonia (NH3) gas at elevated temperatures (e.g., 
300-5000 C.) or by exposing the ?lm to a remote plasma for 
nitridation. The entire dielectric layer is exposed to the nitri 
dation process because the dielectric layer has already been 
deposited to its ?nal thickness. 

Pre-deposition nitridation typically involves applying a 
thin-?lm that is rich in N (e. g., a thin nitride ?lm) to an upper 
surface of a substrate prior to depositing the dielectric layer. 
The dielectric layer is then deposited over the thin nitride ?lm. 
In contrast to post-deposition nitridation, the nitrogen species 
are concentrated betWeen the substrate and the dielectric 
layer. Examples of nitride ?lms that are commonly used in 
pre-deposition nitridation are silicon nitride (Si3N4) and sili 
con oxynitride (SiOxNy). 

Thus, conventional dielectric layer processing provides 
tWo extreme nitridation choices. Nitrogen species are either 
distributed throughout a dielectric layer in a substantially 
uniform concentration (e. g., With po st-deposition nitridation) 

20 

25 

35 

40 

45 

50 

55 

60 

65 

2 
or nitrogen species are concentrated at the interface betWeen 
the dielectric layer and an underlying substrate (e.g., in pre 
deposition nitridation). 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the invention are illustrated by Way of 
example, and not by Way of limitation, in the ?gures of the 
accompanying draWings in Which like reference numerals 
refer to similar elements. 

FIG. 1A is a conceptual illustration in Which dielectric 
layer 120 is deposited to an intermediate thickness of 
approximately one to ?ve percent of a ?nal thickness. 

FIG. 1B is a conceptual illustration in Which dielectric 
layer 125 is deposited to an intermediate thickness of 
approximately 50 percent of a ?nal thickness. 

FIG. 1C is a conceptual illustration in Which dielectric 
layer 130 is deposited to an intermediate thickness of 
approximately 95-99 percent of a ?nal thickness. 

FIG. 2 is a How diagram illustrating certain aspects of a 
method for incorporating nitrogen With a particular desired 
concentration into thin-?lms, according to an embodiment of 
the invention. 

FIG. 3 illustrates concentration pro?les of an exemplary 
dielectric layer deposited, according to an embodiment of the 
invention. 

FIG. 4 is a block diagram of metal-oxide semiconductor 
?eld-effect transistor (MOSFET) 400, implemented accord 
ing to an embodiment of the invention. 

FIG. 5 illustrates the effects of nitridation on leakage cur 
rent in dielectric layer 450, according to an embodiment of 
the invention. 

DETAILED DESCRIPTION 

Embodiments of the invention are generally directed to a 
method for forming a dielectric layer and resulting devices 
and systems. In an embodiment of the invention, a dielectric 
layer is deposited to an intermediate thickness on a surface of 
a substrate made of a semiconductor material. A nitridation 
process is then applied to the dielectric layer of intermediate 
thickness to incorporate nitrogen into the dielectric layer. The 
dielectric layer is then deposited to its ?nal thickness. As 
stated above, conventional nitridation processes are limited to 
post-nitridation and pre-nitridation. In post-nitridation pro 
cesses, the nitrogen species are uniformly distributed 
throughout the dielectric layer. In pre-nitridation processes, 
the nitrogen species are concentrated at the interface betWeen 
the dielectric layer and the substrate. In contrast, embodi 
ments of the invention alloW for nitrogen species to be con 
centrated practically anyWhere Within the dielectric layer. 

FIGS. 1A-1C are conceptual illustrations of three exem 
plary dielectric layers formed according to an embodiment of 
the invention. Dielectric layers 120, 125, and 130 are respec 
tively deposited on an upper surface of substrates 105, 110, 
and 115, according to an embodiment of the invention. Sub 
strates 105, 110, and 115 may be composed ofa broad range 
of semiconductor materials including: elemental semicon 
ductor materials, compound semiconductor materials (e.g., 
III-V compounds and II-VI compounds), direct bandgap 
semiconductor materials, and indirect bandgap semiconduc 
tor materials. Examples of suitable elemental semiconductor 
materials include, for example, silicon (Si, Z:14) and germa 
nium (Ge, Z:32). 

FIG. 1A is a conceptual illustration in Which dielectric 
layer 120 is deposited to an intermediate thickness 135. Inter 
mediate thickness 135 is approximately one to ?ve percent of 
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the desired dielectric layer thickness, in the illustrated 
embodiment of the invention. A nitridation process is applied 
to dielectric layer of intermediate thickness 135 to incorpo 
rate nitrogen into the layer. The nitridation process may 
include thermal nitridation or chemical/physical nitridation. 
Nitridation processes are more fully described beloW With 
reference to FIG. 2. 

Dielectric layer 120 is then deposited to a ?nal, desired 
thickness. The shaded area of intermediate thickness 135 
shoWs that the nitrogen species are concentrated at the inter 
face With substrate 105, in the illustrated embodiment of the 
invention. The reason that the nitrogen species are concen 
trated at the interface is that the nitridation process Was per 
formed When the dielectric layer Was deposited to an inter 
mediate thickness of approximately one to ?ve percent of its 
?nal thickness. 

FIG. 1B is a conceptual illustration in Which dielectric 
layer 125 is deposited to an intermediate thickness 140. Inter 
mediate thickness 140 is approximately 50 percent of the 
desired dielectric layer thickness, in the illustrated embodi 
ment of the invention. A nitridation process is applied to 
dielectric layer of intermediate thickness 140 to incorporate 
nitrogen into the region. Dielectric layer 125 is then deposited 
to a ?nal, desired thickness. As illustrated by the shaded area, 
the nitrogen species are primarily distributed in the loWer half 
of dielectric layer 125. Thus, FIG. 1B illustrates a nitridation 
concentration pro?le that is not possible using conventional 
pre-nitridation or post-nitridation processes. 

FIG. 1C is a conceptual illustration in Which dielectric 
layer 130 is deposited to an intermediate thickness 150. Inter 
mediate thickness 150 is approximately 95-99 percent of the 
desired dielectric layer thickness, in the illustrated embodi 
ment of the invention. A nitridation process is applied to 
dielectric layer of intermediate thickness 150 to incorporate 
nitrogen into the region. Dielectric layer 13 0 is then deposited 
to a ?nal, desired thickness. As illustrated by the shaded area, 
the nitrogen species are distributed throughout the entirety of 
dielectric layer 130 because intermediate thickness 150 is 
very close to the ?nal (e.g., desired) thickness of dielectric 
layer 130. 

FIG. 2 is a How diagram illustrating certain aspects of a 
method for incorporating nitrogen With a particular desired 
concentration into thin-?lms, according to an embodiment of 
the invention. Referring to process block 210, in an embodi 
ment, a dielectric layer is deposited to an intermediate thick 
ness. The term dielectric layer broadly refers to thin-?lm 
structures of dielectric material deposited on a semiconductor 
substrate to form electrical and optical devices. The dielectric 
layer may be composed of, for example, A1203, SiO2, HfO2, 
ZrO2, TiO2, La2O3,Y2O3, Gd2O3, GeO2, SrTiO3, metal sili 
cates (e.g., HfxSiyOZ) and/or metal aluminates (e.g., Hfx’ 
AlyOZ). 
A Wide variety of deposition techniques may be employed 

to deposit the dielectric layer, in an embodiment of the inven 
tion, including chemical vapor deposition and physical vapor 
deposition. Examples of suitable chemical vapor deposition 
(CVD) processes, include, but are not limited to: atomic layer 
deposition, CVD epitaxy, atmospheric-pressure CVD 
(APCVD), loW-pressure CVD (LPCVD), metalorganic CVD 
(MOCVD), photo-enhanced CVD (PHCVD), laser-induced 
CVD (PCVD), electron enhanced CVD, and plasma-en 
hanced (CVD). 

Atomic layer deposition (ALD) refers to the controlled 
deposition of single atomic layers on a substrate. ALD is also 
knoWn as atomic layer epitaxy (ALE) and atomic layer 
chemical vapor deposition (ALCVD). CVD processes are 
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4 
Well knoWn to persons of ordinary skill in the art and Will not 
be further described except as to hoW they relate to embodi 
ments of the invention. 

Physical vapor deposition broadly encompasses both 
evaporation processes and sputtering processes. Evaporation 
processes typically include the folloWing sequence of events: 
generating a vapor by boiling or subliming a source material, 
transporting the vapor from the source to a substrate, and 
condensing the vapor to form a ?lm on the substrate surface. 
Examples of evaporation processes are conventional vacuum 
evaporation, electron-beam evaporation, molecular-beam 
epitaxy (MBE), and reactive evaporation. Dielectric layer 
deposition using evaporation processes are Well knoWn to 
those of ordinary skill in the art and Will not be further 
described except as to as hoW they relate to embodiments of 
the invention. 

Sputtering processes involve the ejection of surface atoms 
from an electrode surface by momentum transfer from bom 
barding ions to surface atoms. Examples of sputtering pro 
cesses are diode sputtering, reactive sputtering, bias sputter 
ing (ion plating), magnetron sputtering, ion beam deposition, 
ion beam sputter deposition, reactive ion plating, and cluster 
beam deposition (CBD). Sputter deposition processes are 
Well knoWn to those of ordinary skill in the art and Will not be 
further described except as to hoW they relate to embodiments 
of the invention. 

Physical vapor deposition also includes pulsed laser depo 
sition and epitaxial groWth. Epitaxial groWth refers to groW 
ing an oriented single-crystal layer on a substrate. Pulsed 
laser deposition (PLD) refers to using pulses of laser light to 
generate an atomic “spray” that is deposited on a substrate. 
Epitaxial growth and PLD are Well known to those of ordinary 
skill in the art and Will not be further described except as to 
hoW they relate to embodiments of the invention. 
The term intermediate thickness broadly refers to any 

thickness that is less than the desired (or ?nal thickness) of the 
dielectric layer. Dielectric layers are typically formed on 
semiconductor substrates to create electrical and optical 
devices. These dielectric layers typically have a predeter 
mined (e.g., desired) thickness. Depositing a dielectric layer 
to an intermediate thickness refers to depositing the dielectric 
layer to a fraction of the desired thickness (e.g., 1%, 5%, 
12.5%, 25%, 50%, 95%, etc.). 

Referring to process block 220, a nitridation process is 
applied to the dielectric layer of intermediate thickness. The 
term nitridation process broadly refers to processes that incor 
porate nitrogen into a dielectric layer. Nitridation processes 
that may be used in embodiments of the invention include 
thermal nitridation and chemical/physical nitridation. 

Thermal nitridation refers to exposing a dielectric layer (of 
intermediate or ?nal thickness) to a gas containing nitrogen at 
elevated temperatures. Examples of gasses that are suitable 
for thermal nitridation include N20, NO, NH3, and N2. The 
temperatures suitable for thermal nitridation typically range 
between 3000 C. to 5000 C. but temperatures outside of that 
range are used in some cases. Thermal nitridation is Well 
knoWn to those of ordinary skill in the art and Will not be 
further described except as to hoW it relates to embodiments 
of the invention. 

Chemical/physical nitridation processes include chemical 
vapor deposition (CVD), rapid thermal CVD (RTCVD), 
plasma nitridation, remote plasma nitridation (RPN), ion 
implantation, and atomic layer deposition (ALD). Plasma 
nitridation refers to generating nitrogen species in a plasma 
for incorporation into a dielectric layer. Remote plasma nitri 
dation (RPN) refers to plasma nitridation processes in Which 
the dielectric layer is not directly exposed to the plasma. 
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Chemical/physical nitridation processes (e.g., RPN) are Well 
known to those of ordinary skill in the art and Will not be 
further described except as to hoW they relate to embodiments 
of the invention. 

Inserting the nitridation process before ?lm deposition is 
complete enables greater manipulation and control of nitro 
gen concentration pro?les in thin-?lms than conventional 
nitridation processes provide. As stated above, conventional 
nitridation processes are generally limited to either pre-depo 
sition nitridation or post-deposition nitridation. In pre-depo 
sition nitridation, the nitrogen species are concentrated at the 
interface betWeen the substrate and the dielectric layer. In 
post-deposition nitridation, the nitrogen species are distrib 
uted throughout the entire dielectric layer. Thus, conventional 
nitridation merely provides for one of tWo extremes. 

In alternative embodiments of the invention, an oxidation 
process is performed at process block 220, instead of, or in 
addition to, the above described nitridation process. The oxi 
dation process may include thermal oxidation and/or chemi 
cal/physical oxidation. The source of oxygen for the oxida 
tion process may be H20, 02, 03, etc. Oxidation processes are 
Well knoWn to those of ordinary skill in the art and Will not be 
further described except as to hoW they relate to embodiments 
of the invention. 

Referring to process block 230, in an embodiment of the 
invention, the dielectric layer is deposited to a ?nal thickness. 
The deposition techniques suitable for process block 230 
include, for example, any of the deposition techniques dis 
cussed above With reference to process block 210. In an 
embodiment of the invention, the same deposition technique 
is used in process blocks 210 and 230. In an alternative 
embodiment of the invention, different deposition techniques 
are used in process blocks 210 and 230. For example, in an 
embodiment of the invention, plasma-enhanced CVD is used 
in process block 210 and atomic layer deposition is used in 
process block 230. 

The term ?nal thickness broadly refers to depositing the 
dielectric layer to a ?nal, desired thickness for the dielectric 
layer. Dielectric layers are typically deposited precisely to a 
desired thickness. The desired thickness is usually dictated by 
electrical and/or optical properties of a larger device of Which 
the dielectric layer is a part. The term ?nal thickness refers to 
depositing the dielectric layer to the desired thickness that is 
typically dictated by the electrical and/ or optical properties of 
the larger device. 

FIG. 3 illustrates concentration pro?les of an exemplary 
dielectric layer deposited, according to an embodiment of the 
invention. The exemplary concentration pro?les Were 
obtained using Secondary Ion Mass Spectroscopy (SIMS). In 
the embodiment illustrated in FIG. 3, the dielectric layer is 
composed of A1203. Concentration levels 310, 320, 330, and 
340 shoW the concentration levels of aluminum (Al), oxygen 
(0), nitrogen (N), and silicon (Si), respectively. The dielectric 
layer Was deposited to an intermediate thickness using atomic 
layer deposition (ALD), according to an embodiment of the 
invention. Remote plasma nitridation (RPN) Was used to 
incorporate nitrogen into the dielectric layer of intermediate 
thickness. ALD Was then used to deposit the dielectric layer to 
the ?nal, desired thickness. Reference numeral 350 shoWs 
that nitrogen Was concentrated near the interface betWeen the 
substrate and the dielectric layer, in the illustrated embodi 
ment of the invention. 

FIG. 4 is a block diagram of metal-oxide semiconductor 
?eld-effect transistor (MOSFET) 400, implemented accord 
ing to an embodiment of the invention. MOSFET 400 
includes substrate 410, source 420, gate 430, and drain 440. 
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6 
As is Well knoWn in the art, gate 430 provides an electric ?eld 
that alloWs current to How betWeen the source and the drain. 

Dielectric layer 450, provides electrical insulation betWeen 
gate 430 and substrate 410. Dielectric layer 450 is formed 
according to the process disclosed With reference to FIG. 2, in 
an embodiment of the invention, and is composed of, for 
example A1203. Dielectric layer 450 is ?rst deposited to an 
intermediate thickness of, for example 10 angstroms. A nitri 
dation process, for example RPN, is then applied to dielectric 
layer 450. Dielectric layer 450 is then deposited to its ?nal 
thickness (e.g., 30 angstroms). An annealing step (e.g., at 
800° C. and 1% 02) may be performed after dielectric layer 
450 has been deposited to its ?nal thickness. 

The term leakage current refers to current that ?oWs 
through dielectric layer 450. In the embodiment of the inven 
tion illustrated in FIG. 4, leakage current is signi?cantly 
reduced in comparison to a conventional dielectric layer 
because process 200 enables dielectric layer 450 to have a 
nitrogen concentration pro?le that is not possible With con 
ventional dielectric layers. While leakage current is discussed 
With respect to dielectric layer 450 in MOSFET 400, a person 
of ordinary skill in the art Will appreciate that leakage current 
is a concern in a Wide range circumstances. 

FIG. 5 illustrates the effects of nitridation on leakage cur 
rent in dielectric layer 450, according to an embodiment of 
the invention. The plot presented in FIG. 5 shoWs the rela 
tionship betWeen bias voltage and leakage current for curves 
510, 520, and 530. Curve 510 illustrates leakage current for 
the case in Which no nitridation step is performed during the 
deposition process. In contrast, curve 520 and 530 illustrate 
the effect of different nitridation processes, according to an 
embodiment of the invention. In curve 520, the nitridation 
process consisted of RPN at 250 C. for one minute. Curve 530 
shoWs leakage current for the case in Which the nitridation 
process consisted of RPN at 2500 C. for three minutes. As 
shoWn by FIG. 5, leakage current can be reduced by several 
orders of magnitude, according to an embodiment of the 
invention. 

It should be appreciated that reference throughout this 
speci?cation to “one embodiment” or “an embodiment” 
means that a particular feature, structure or characteristic 
described in connection With the embodiment is included in at 
least one embodiment of the present invention. Therefore, it is 
emphasiZed and should be appreciated that tWo or more ref 
erences to “an embodiment” or “one embodiment” or “an 

alternative embodiment” in various portions of this speci? 
cation are not necessarily all referring to the same embodi 
ment. Furthermore, the particular features, structures or char 
acteristics may be combined as suitable in one or more 
embodiments of the invention. 

Similarly, it should be appreciated that in the foregoing 
description of exemplary embodiments of the invention, vari 
ous features of the invention are sometimes grouped together 
in a single embodiment, ?gure, or description thereof for the 
purpose of streamlining the disclosure aiding in the under 
standing of one or more of the various inventive aspects. This 
method of disclosure, hoWever, is not to be interpreted as 
re?ecting an intention that the claimed invention requires 
more features than are expressly recited in each claim. Rather, 
as the folloWing claims re?ect, inventive aspects lie in less 
than all features of a single foregoing disclosed embodiment. 
Thus, the claims folloWing the detailed description are hereby 
expressly incorporated into this detailed description, With 
each claim standing on its oWn as a separate embodiment of 
this invention. 
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What is claimed is: 
1. A device comprising: 
a substrate made of a semiconductor material; 
a dielectric layer, having a ?nal thickness, formed on an 

upper surface of the substrate, Wherein the dielectric 
layer comprises an initial dielectric layer of intermediate 
thickness, Which is less than the ?nal thickness; and a 
?nal dielectric layer, Wherein the initial dielectric layer 
comprises nitrogen distributed non-uniformly through 
out the initial dielectric layer, Wherein the concentration 
pro?le of nitrogen Within the dielectric layer having a 
?nal thickness comprises a bell-shaped curve With a 
substantial higher peak concentration of nitro gen Within 
a central core of the initial dielectric layer, Wherein the 
concentration of nitrogen at an interface betWeen the 
initial dielectric layer and the ?nal dielectric layer is 
substantially reduced, and the concentration of nitrogen 
at an interface betWeen the initial dielectric layer and the 
substrate is also substantially reduced; and 

an electrical lead in communication With the dielectric 
layer to provide an electrical ?eld to the substrate 
through the dielectric ?eld. 

2. The device of claim 1, Wherein the dielectric layer of 
?nal thickness is formed according to the method of forming 
a dielectric layer on a semiconductor substrate comprising: 
depositing the initial dielectric layer to an intermediate thick 
ness, Wherein the intermediate thickness is less than a ?nal 
thickness of the dielectric layer; applying a nitridation pro 
cess to the initial dielectric layer of intermediate thickness to 
enhance incorporation of nitrogen into the initial dielectric 
layer; and then depositing a ?nal dielectric layer to form the 
?nal thickness of the dielectric layer, Wherein the deposition 
of the ?nal dielectric layer occurs predominantly at the top 
surface of the nitrided initial dielectric layer. 

3. The device of claim 2, Wherein incorporating nitrogen 
into the initial dielectric layer of intermediate thickness com 
prises exposing the initial dielectric layer of intermediate 
thickness to thermal nitridation in a gas selected from the 
group consisting of N20 gas, N0 gas, NH3 gas, N2 gas, and 
any combination thereof. 

4. The device of claim 2, Wherein incorporating nitrogen 
into the dielectric layer of intermediate thickness comprises 
exposing the dielectric layer of intermediate thickness to a 
plasma nitridation process selected from the group consisting 
of N20 plasma nitridation, NO plasma nitridation, NH3 
plasma nitridation, N2 plasma nitridation, and any combina 
tion thereof. 

5. The device of claim 2, Wherein the ?nal dielectric is 
deposited by a method selected from the group consisting of 
chemical vapor deposition (CVD) and physical vapor depo 
sition (PVD). 

6. The device of claim 2, further comprising applying an 
oxidation process to the dielectric layer of intermediate thick 
ness to incorporate oxygen into the dielectric layer. 

7. The device of claim 6, Wherein applying the oxidation 
process to the dielectric layer of intermediate thickness com 
prises exposing the dielectric layer of intermediate thickness 
to thermal nitridation in 02 gas. 

8. The device of claim 6, Wherein applying the oxidation 
process to the dielectric layer of intermediate thickness com 
prises exposing the dielectric layer of intermediate thickness 
to 02 plasma nitridation. 
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9. The device of claim 6, Wherein applying the oxidation 

process to the dielectric layer of intermediate thickness com 
prises exposing the dielectric layer of intermediate thickness 
to thermal nitridation in 03 gas. 

10. The device of claim 6, Wherein applying the oxidation 
process to the dielectric layer of intermediate thickness com 
prises exposing the dielectric layer of intermediate thickness 
to 03 plasma nitridation. 

11. The device of claim 2, Wherein incorporating nitrogen 
into the initial dielectric layer comprises applying a remote 
plasma nitridation to the initial dielectric layer. 

12. The device of claim 2, further comprising annealing the 
dielectric layer, Wherein the anneal is performed at approxi 
mately 800° C. and in an environment comprising approxi 
mately 1% O2. 

13. The device of claim 1, Wherein the dielectric layer 
comprises a dielectric layer substantially made of A1203. 

14. The device of claim 1, Wherein the device comprises a 
?eld effect transistor (FET), Wherein the ?eld effect transistor 
comprises a gate dielectric comprising the dielectric layer 
having a ?nal thickness. 

15. The device of claim 14, Wherein the gate dielectric 
comprising the dielectric layer formed by the method of 
forming the dielectric layer further comprising incorporating 
oxygen into the initial dielectric layer While also incorporat 
ing said nitrogen into the initial dielectric layer. 

16. The device of claim 1, Wherein the dielectric layer 
comprises a material selected from the group consisting of 
HfO2, ZrO2, TiO2, La2O3, Y2O3, Gd2O3, GeO2, SrTiO3, 
metal silicates, metal aluminates, and any combination 
thereof. 

17. The device of claim 1, Wherein the device comprises a 
metal oxide semiconductor ?eld-effect transistor (MOS 
FET), Wherein the metal oxide semiconductor ?eld effect 
transistor comprises a gate dielectric comprising the dielec 
tric layer having a ?nal thickness. 

18. The device of claim 17, Wherein the substrate com 
prises germanium. 

19. The device of claim 1, Wherein the dielectric layer 
comprises a dielectric layer made of SiO2. 

20. The device of claim 1, 
Wherein the concentration pro?le of nitrogen Within the 

dielectric layer having a ?nal thickness comprises a 
bell-shaped curve When plotted on a logarithmic scale, 
With a substantially higher peak concentration of nitro 
gen Within the central core of the initial dielectric layer 
of at least a plurality of times that of the concentration of 
nitrogen at the interface betWeen the semiconductor 
material and the initial dielectric layer and/ or the inter 
face betWeen the initial dielectric layer and the ?nal 
dielectric layer, so that the distributed nitrogen concen 
tration is non-uniformly distributed, having a substantial 
peak in the central core of the dielectric and substantially 
loWered concentration of nitro gen at said interfaces, and 
thus providing increased suppression of dopant diffu 
sion, a reduction in leakage current, improved reliability, 
mitigated positive ?atband voltage shifts, and/or 
reduced degradation of carrier mobility. 


